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Abstract
Purpose:  To  determine  the  prevalence  of  accommodative  insufﬁciency  (AI)  and  its  relation  with
age, gender,  and  refractive  errors  in  a  college-age  student  population  in  Iran.
Methods:  The  present  study  was  conducted  cross-sectionally  in  2017.  All  students  had  opto-
metric tests  including  measurement  of  visual  acuity,  objective  and  subjective  refraction,  as
well as  binocular  vision  and  accommodative  examinations.  Amplitude  of  accommodation  was
measured with  the  Donders’  push-up  method  using  the  Royal  Air  Force  (RAF)  rule.  Monocular
accommodative  facility  was  measured  with  ±2.00  diopter  ﬂipper  lenses.  The  accommodative
response  was  tested  using  dynamic  retinoscopy  with  the  monocular  estimation  method  (MEM).
Results: The  prevalence  of  AI  in  the  studied  population  was  4.07%  (95%  CI:  2.61--5.52).  The
rate was  6.04%  (95%  CI:  3.58--8.50)  in  females  and  2.01%  (95%  CI:  0.53--3.48)  in  males,  and
logistic regression  showed  a  signiﬁcantly  higher  odds  of  AI  in  females  (OR  =  3.14,  95%  CI:
1.33--7.45,  p-value  =  0.009).  The  prevalence  of  AI  was  2.59%  (95%  CI:  0.55--7.56)  in  the  18--19-
year-old age  group  and  4.08%  (95%  CI:  0.09--8.07)  in  the  24--25-year-old  group  (p-value  =  0.848).
The prevalence  of  AI  among  emmetropic,  myopic,  and  hyperopic  individuals  was  3.74%  (95%
CI: 1.88--5.61),  4.44%  (95%  CI:  2.07--6.81),  and  5.26%  (95%  CI:  4.79--16.32),  respectively  (p-
value =  0.869).  In  the  multiple  regression  model,  only  gender  showed  signiﬁcant  relationship
with AI  (Odds  ratio  =  3.14,  95%  CI:  1.33--7.45;  p-values  =  0.009).∗ Corresponding author at: Department of Optometry, School of Paramedical Sciences, Mashhad University of Medical Sciences, Mashhad,
Iran.
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Conclusion:  The  prevalence  of  AI  in  the  present  study  is  lower  than  the  most  prevalence  rates
reported in  previous  studies.  In  the  present  study,  gender  and  AI  showed  a  strong  association,
such that  AI  prevalence  was  signiﬁcantly  higher  in  females  than  males.
© 2018  Spanish  General  Council  of  Optometry.  Published  by  Elsevier  Espan˜a,  S.L.U.  This  is  an
open access  article  under  the  CC  BY-NC-ND  license  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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Insuﬁciencia  acomodativa  en  una  población  estudiantil  de  Irán
Resumen
Objetivo:  Determinar  la  prevalencia  de  la  insuﬁciencia  acomodativa  (IA)  y  su  relación  con  la
edad, sexo,  y  errores  refractivos  en  una  población  universitaria  de  Irán.
Métodos:  El  presente  estudio  se  realizó  de  forma  transversal  en  2017.  Se  realizaron  pruebas
optométricas  a  todos  los  estudiantes,  incluyendo  medición  de  la  agudeza  visual,  refracción
objetiva y  subjetiva,  visión  binocular  y  pruebas  de  acomodación.  La  amplitud  de  acomodación
se midió  con  el  método  de  Donders  (push-up)  utilizando  la  regla  de  la  RAF  (Royal  Air  Force).
La ﬂexibilidad  acomodativa  monocular  se  midió  con  ﬂippers  de  ±2  dioptrías.  La  respuesta
acomodativa  se  evaluó  mediante  retinoscopía  dinámica  utilizando  el  método  de  estimación
monocular  (MEM).
Resultados:  La  prevalencia  de  IA  en  la  población  de  estudiantes  fue  de  4,07%  (95%ICI:
2,61--5,52).  La  tasa  fue  de  6,04%  (95%IC:  3,58--8,5)  en  mujeres  y  2,01%  (95%IC:  0,53--3,48)
en varones,  y  la  regresión  logística  reﬂejó  un  odds  ratio  signiﬁcativamente  superior  de  IA  en
mujeres (OR  =  3,14,  95%IC:  1,33--7,45,  valor  p  =  0,009).  La  prevalencia  de  IA  fue  de  2,59%  (95%IC:
0,55--7,56)  en  el  grupo  de  edad  de  18--19  an˜os,  y  de  4,08%  (95%IC:  0,09--8,07)  en  el  grupo  de
24--25 an˜os  (valor  p  =  0,848).  La  prevalencia  de  IA  entre  los  individuos  emetrópicos,  miopes
e hipermétropes  fue  de  3,74%  (95%IC:  1,88--5,61),  4,44%  (95%IC:  2,07--6,81),  y  5,26%  (95%IC:
4,79--16,32),  respectivamente  (valor  p  =  0,869).  En  el  modelo  de  regresión  múltiple,  únicamente
el sexo  reﬂejó  una  relación  con  IA  (Odds  ratio  =  3,14  95%IC:  1,33--7,45;  valor  p  =  0,009).
Conclusión:  La  prevalencia  de  IA  en  el  presente  estudio  es  inferior  a  la  mayoría  de  las  tasas
de prevalencia  reportadas  en  estudios  previos.  En  el  presente  estudio,  sexo  e  IA  reﬂejaron  una
fuerte asociación,  en  el  sentido  de  que  la  prevalencia  de  IA  fue  signiﬁcativamente  superior  en
las mujeres  con  respecto  a  los  varones.
© 2018  Spanish  General  Council  of  Optometry.  Publicado  por  Elsevier  Espan˜a,  S.L.U.  Este  es  un
art´ıculo Open  Access  bajo  la  licencia  CC  BY-NC-ND  (http://creativecommons.org/licenses/by-
nc-nd/4.0/).
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ccording  to  the  deﬁnition  by  the  American  Optometric
ssociation,  accommodative  insufﬁciency  (AI)  is  a  type
f  accommodative  dysfunction  in  which  the  amplitude  of
ccommodation  (AA)  is  lower  than  the  age-expected  norm
or  an  individual  and  is  not  due  to  sclerosis  of  the  crystalline
ens.1 AI  is  in  fact  a  sensory  motor  anomaly  of  the  visual  sys-
em,  and  the  main  feature  is  the  inability  to  focus  or  sustain
ocus  at  near.2 AI  leads  to  various  vision-related  symptoms
n  affected  individuals,  including  blurred  vision,  diplopia,
yestrain,  headaches,  difﬁculty  in  adjusting  the  focus  from
ne  distance  to  another,  inability  to  concentrate,  and  loss
f  comprehension  over  time.3,4 All  these  symptoms  occur
uring  near  work  and  signiﬁcantly  affect  an  individual’s
erformance  during  near  visual  activities.5 Also,  these  symp-
oms  can  prevent  a  person  from  engaging  in  near  work  such
s  reading.6 Hence,  AI  can  interfere  with  learning  and  impair
cademic  and  educational  performance,  which  is  especially
mportant  for  school-age  children  and  students.7,8 According
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odative  disorders  have  a  higher  frequency  of  behaviors
elated  to  school  performance  and  attention.9 Accommoda-
ive  disorders,  including  AI,  can  also  impair  occupational
erformance,  especially  in  occupations  that  involve  consid-
rable  amounts  of  close  work  (such  as  extensive  computer
sers)  or  reading.1,10 It  should  be  noted  that  accommoda-
ive  dysfunction  is  one  of  the  most  important  factors  in  the
ccurrence  of  computer  vision  syndrome  (CVS),  which  has
ecently  received  great  attention  in  light  of  the  increased
se  of  computers  and  electronic  devices.11 Other  impacts
f  AI  include  the  effect  on  sport  performance.1 Based  on
he  results  of  previous  studies,  athletes  have  better  accom-
odative  and  binocular  function  than  non-athletes,  and
ccommodative  and  binocular  disorders  can  interfere  with
uccessful  sporting  performance.12,13 In  light  of  the  above,
t  can  be  concluded  that  AI  can  reduce  patients’  quality  of
ife,  therefore,  the  diagnosis  and  effective  treatment  of  this
ccommodative  dysfunction  is  one  of  the  most  important
ssues  in  the  optometric  practice.14
inicalKey.com by Elsevier on August 31, 2019.
. Elsevier Inc. All rights reserved.
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sAccommodative  insufﬁciency  in  university  students  
Availability  of  epidemiological  information  about  a  condi-
tion  has  clinical  implications  for  generating  a  hypothesis
regarding  the  possible  diagnosis,  and  subsequently,  deciding
about  the  process  to  follow.15,16 Epidemiological  information
is  also  important  for  planning  screening  programs  to  identify
cases,  research  projects,  and  adopting  political  strategies
for  vision  health.16 Despite  the  importance  of  AI,  there  is
no  accurate  epidemiological  information  on  its  prevalence
in  the  general  population.  Although  many  clinicians  believe
that  accommodative  disorders  such  as  AI  are  commonly
seen  in  clinical  practice,  there  are  few  scientiﬁc  studies
in  this  area.3 Most  existing  studies  are  of  clinical  nature,
in  which  a  non-randomized  population  has  been  selected,
and  thus,  their  results  are  not  applicable  to  the  general
population.16 Knowledge  of  the  accurate  prevalence  in  a
population  requires  population-based  studies  using  proper
sampling  and  randomization.17 According  to  a  systematic
review  published  by  Cacho-Martinez  in  2010,  there  is  not
enough  scientiﬁc  information  on  the  true  prevalence  of
accommodative  disorders,  including  AI,  in  the  general  popu-
lation,  and  the  need  for  population-based  studies  is  strongly
felt  in  this  regard.16,18 On  the  other  hand,  most  existing
studies  focus  on  pediatric  populations,  with  very  little  infor-
mation  about  college-age  students  and  young  adults,18 while
this  age  group  is  of  particular  importance  due  to  their  high
volume  of  near  work.  Signiﬁcant  differences  in  the  preva-
lence  rates  reported  in  previous  studies  is  another  problem
and  limitations  of  the  literature  in  this  ﬁeld,  and  the  high-
est  degree  of  disparity  is  seen  with  AI,16,18 such  that  its
reported  prevalence  rates  range  from  0.2  to  61.7%.18--26 With
the  above  background  in  mind,  the  purpose  of  the  present
population-based  study  is  to  determine  AI  prevalence  among
college-age  students  in  Iran.  In  addition,  the  association
between  this  disorder  and  certain  parameters  such  as  age,
gender,  and  refractive  errors  are  investigated  to  improve  our
understanding  of  the  nature  of  this  disorder.
Material and methods
This  cross-sectional  study  was  conducted  in  2017.  In  this
study,  the  target  population  was  students  of  Shahrekord
University,  one  of  the  central  cities  in  Iran.  Students  were
selected  through  multi-stage  cluster  sampling.  Each  aca-
demic  major  was  considered  as  a  stratum.  From  each  major,
in  proportion  to  the  total  number  of  students,  samples  were
selected  randomly  from  the  student  rosters.  Selected  stu-
dents  were  then  invited  to  participate  in  the  study,  and
informed  consents  were  obtained.  First  a  series  of  demo-
graphic  information  was  collected  from  each  interviewed
student.  Optometric  tests  were  then  performed  for  each
student.
Optometric  examinations
All  optometric  examinations  were  performed  under  nor-
mal  illumination  conditions  at  the  mesopic  level  by  a  single
examiner.  Overhead  lighting  was  also  provided  with  a  stand
lamp  on  the  target  for  accommodative  and  binocular  vision
tests.
First,  uncorrected  distance  visual  acuity  (UCVA)  was  mea-
sured  using  the  Snellen  E-chart  at  a  distance  of  6  m  Then
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bjective  refraction  was  done  using  an  auto-refractometer
Topcon  RM8800  auto-refractometer,  Topcon  Corporation,
apan),  and  the  results  were  reﬁned  through  retinoscopy
Heine  Beta  200,  Heine  Optotechnik,  Germany).  In  the  next
tep,  subjective  refraction  was  done  to  determine  the  best
ptical  correction,  and  the  best  corrected  visual  acuity
BCVA)  was  recorded.
The  next  stage  included  binocular  and  accommodative
xaminations  with  the  best  optical  correction  in  place.  First,
nilateral  and  alternating  cover  tests  were  carried  out  at  far
6  m)  and  near  (40  cm),  respectively,  and  the  magnitude  of
ar  and  near  heterophoria  was  measured  using  the  prism  bar.
he  target  used  for  the  cover  test  was  one  line  above  the
ar  and  near  BCVA  (in  the  eye  with  worse  BCVA),  on  the  far
nd  near  Snellen  chart,  respectively.
Next,  the  amplitude  of  accommodation  (AA)  was  mea-
ured  using  the  Donders’  Push-Up  method  with  the  Royal  Air
orce  (RAF)  rule  separately  for  each  eye  starting  with  the
ight  eye  and  then  the  left  eye.  For  this  test,  the  examinee
as  properly  positioned  in  front  of  the  instrument,  and  the
nstrument’s  target,  which  contained  a  row  of  letters  equiv-
lent  to  a visual  acuity  of  20/30,  was  slowly  brought  closer  in
he  midline.  The  individual  was  asked  to  keep  letters  clear
s  far  as  possible  and  report  as  soon  as  the  letters  became
lurred  and  the  examinee  was  no  longer  able  to  achieve
lear  vision  (ﬁrst  sustained  blur).  At  this  time,  the  near  point
f  accommodation  (NPA)  was  recorded  in  centimeters  (cm)
rom  the  dial  on  the  device.  To  improve  testing  reliability,
PA  measurement  was  repeated  three  times,  and  the  aver-
ge  of  the  three  measurements  was  recorded  as  the  ﬁnal
PA,  which  was  then  converted  to  the  AA  in  diopters  (D)  by
ividing  it  into  100.
In  the  next  step,  monocular  accommodative  facility
MAF)  was  measured  starting  with  the  right  eye  and  then
he  left  eye  using  ±2.00  diopter  ﬂipper  lenses.  To  perform
his  test,  a  Snellen  near  chart  was  placed  at  a  distance
f  40  cm  from  the  examinee  who  was  then  asked  to  look
t  the  row  that  was  equivalent  to  his/her  corrected  visual
cuity.  It  was  explained  to  the  participants  that  plus  and
inus  lenses  would  be  placed  alternately  in  front  of  their
yes,  and  that  they  should  say  ‘‘clear’’  whenever  the  chart’s
etters  were  clearly  identiﬁable  through  each  lens.  Each  ins-
ance  of  clearing  both  plus  and  minus  lenses,  was  counted
s  one  cycle,  and  the  number  of  cycles  per  1  min  (cpm)  was
ecorded  as  the  MAF.
Next,  the  accommodative  response  (AR)  was  tested  using
ynamic  retinoscopy  with  the  monocular  estimation  method
MEM).  For  this  purpose,  the  examiner  was  positioned  at  the
istance  of  40  cm  from  the  examinee,  and  she/he  was  asked
o  read  out  the  chart  attached  to  the  retinoscope’s  head,
hich  included  small  print  letters  (equivalent  to  20/30  visual
cuity).  In  this  fashion,  binocular  dynamic  retinoscopy  was
erformed,  and  the  AR  (lag  or  lead  of  accommodation)  was
easured  by  placing  plus  or  minus  lenses  in  front  of  the
erson’s  eye  to  neutralize  with  or  against  movement  of  the
etinoscopic  reﬂex,  starting  with  the  right  eye  and  then  the
eft  eye.  Finally,  ocular  health  status  was  evaluated  through
lit  lamp  examination,  and  the  posterior  segment  was  exam-
ned  with  a +90  D  lens.
Exclusion  criteria  included  strabismus,  amblyopia,  BCVA
ess  than  20/30  in  either  eye,  history  of  eye  trauma,  history
f  intraocular  surgery,  any  pathologic  or  systemic  disease
 ClinicalKey.com by Elsevier on August 31, 2019.
019. Elsevier Inc. All rights reserved.
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Table  1  The  prevalence  of  accommodative  insufﬁciency
(AI) by  age,  gender  and  refractive  errors.
AI
%  (95%  CI)
Total  4.07  (2.61--5.52)
Gender  Female  6.04  (3.58--8.50)
Male  2.01  (0.53--3.48)
Age (years)  18--19  2.59  (0.55--7.56)a
20--21 4.45  (2.07--6.83)
22--23 4.35  (1.55--7.15)
24--25 4.08  (0.09--8.07)
Refractive
errors
(diopters)
Emmetropia  3.74  (1.88--5.61)
Myopia  4.44  (2.07--6.81)
Hyperopia  5.26  (4.79--16.32)a
CI: conﬁdence interval.
a The 95% CI was calculated using binominal distribution.
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Figure  1  The  distribution  of  amplitude  of  accommodation
(Diopter)  (A),  monocular  accommodative  facility  (cycles  per
m
t
D64  
ffecting  accommodation  or  binocular  vision,  and  use  of
ny  ocular  or  systemic  drugs  affecting  accommodation  or
inocular  vision.
eﬁnitions
yopia  and  hyperopia  were  deﬁned  as  a  subjective  spheri-
al  equivalent  refraction  less  than  −0.50  D  and  greater  than
0.50  D,  respectively.  Near  exophoria  and  esophoria  were
eﬁned  as  more  than  six  prism  diopters  (PD)  exophoria  and
ny  esophoria  at  a  near  distance  of  40  cm,  respectively.3 In
rder  to  deﬁne  AI,  the  following  three  criteria  were  used  in
ccordance  with  the  guidelines  suggested  by  Scheiman  and
ick.3 A  deﬁnite  diagnosis  of  AI  required  meeting  the  ﬁrst
riterion  plus  either  of  the  other  two  criteria.
.  Reduced  AA  by  2  diopters  (or  more)  compared  to  the
expected  average  based  on  the  Hofstetter’s  formula;
18.5  D  −  [0.3  D  ×  (age  in  years)].
. MAF  less  than  6  cpm,  such  that  the  individual  has  difﬁ-
culty  focusing  with  the  minus  lens.
.  Accommodative  lag  more  than  +0.75  D  in  MEM
retinoscopy.
thical  issues
he  Ethics  Committee  of  Mashhad  University  of  Medical  Sci-
nces  approved  the  study  protocol,  which  was  conducted  in
ccordance  with  the  tenets  of  the  Helsinki  Declaration.  All
articipants  signed  a  written  informed  consent.
esults
f  the  854  selected  students,  726  participated  in  this  study,
nd  after  applying  the  exclusion  criteria,  analyses  were  per-
ormed  with  data  from  713  people.  The  mean  age  of  these
tudents  was  21.35  ±  1.87  years  (from  18  to  25  years)  and
64  of  them  (51.1%)  were  female.  The  mean  of  spheri-
al  equivalent  in  myopic  and  hyperopic  individuals  were
1.83  ±  1.67  (−0.63  to  −14.55)  and  1.01  ±  0.65  (0.63  to
.63),  respectively.
The  prevalence  of  AI  has  been  shown  in  Table  1.  The
verall  prevalence  of  AI  in  this  study  was  4.07%  (95%  CI:
.61--5.52);  6.04%  (95%  CI:  3.58--8.50)  in  females  and  2.01%
95%  CI:  0.53--3.48)  in  males.  Logistic  regression  analysis
howed  signiﬁcantly  higher  odds  of  AI  in  females  (OR  =  3.14,
5%  CI:  1.33--7.45,  p-value  =  0.009).  As  demonstrated  in
able  1,  the  prevalence  of  AI  showed  no  linear  trend  with
ge.  Overall,  chi-square  test  showed  no  signiﬁcant  relation-
hip  between  age  and  the  prevalence  of  AI  (p-value  =  0.848).
able  1  also  shows  the  prevalence  of  AI  in  different  groups
f  refractive  status;  there  was  no  signiﬁcant  difference  in  AI
revalence  among  these  three  groups  (p-value  =  0.869).
Fig.  1  shows  the  distribution  of  AA,  MAF  and  AR  in
articipants  with  and  without  AI.  As  seen  in  Fig.  1,  all
f  these  parameters  showed  statistically  signiﬁcant  differ-
nces  between  two  groups  (all  p-values  <  0.001).  In  the
ultiple  regression  model,  only  gender  showed  signiﬁcant
elationship  with  AI  (Odds  ratio  =  3.14,  95%  CI:  1.33--7.45;
-values  =  0.009).
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iscussionn  the  present  study,  we  examined  AI  prevalence  and
ts  association  with  certain  factors  in  Iranian  students
ged  18--25  years.  The  present  study  is  one  of  the  few
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. Elsevier Inc. All rights reserved.
Accommodative  insufﬁciency  in  university  students  165
Table  2  The  reported  prevalence  of  accommodative  insufﬁciency  (AI)  in  the  literature.
First  author  Prevalence%  Target  population  Type  of  population  Number  of  diagnostic  signs
Hussaindeen26 0.2  School  Children  4
Scheiman19 2.0  Optometry  clinic  Children  5
Lara23 3.0  Optometry  clinic  Children  and  young  adults  4
Present study  4.1  University  Young  adults  3
Porcar24 6.2  University  Young  Adults  5
Rouse25 9.9  School  Children  2
Borsting21 10.5 School  Children  1
Dwyer22 13.0 Optometry  clinic Children  3
16.0 2
Abdul-Kabir42 31.8  School  Children  1
Paniccia43 39.0  Optometry  clinic  Children  4
Abdi20 61.7  NR  Children  1
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population-based  studies  on  AI  prevalence  in  young  adults,
and  the  only  study  conducted  on  the  prevalence  of  this
accommodative  disorder  in  an  Iranian  population.  Based  on
the  results  of  the  present  study,  the  overall  prevalence  of  AI
was  4.07%.  Table  2  shows  the  prevalence  of  AI  reported  in
previous  studies,  which  ranges  widely  from  0.2%  to  61.7%.
The  large  differences  among  studies  can  be  examined
from  several  aspects.  Firstly,  differences  in  the  target
populations  in  these  studies.  As  presented  in  Table  2,  most
previous  studies  have  been  conducted  on  children,  and
only  two  studies  looked  at  AI  prevalence  in  adults.  As  the
data  in  this  table  indicate,  most  studies  conducted  on
children  have  reported  a  higher  prevalence  of  AI  compared
to  adult  studies.  In  justifying  this  ﬁnding,  it  should  be  noted
that  AI  diagnosis  is  mainly  based  on  the  interpretation
of  subjective  clinical  tests,  including  AA,  accommodative
facility,  and  relative  accommodation.  The  endpoint  of  all
these  subjective  accommodative  tests  is  the  report  of
sustained  blur  by  the  examinee.27 It  can  be  assumed  that
children  differ  from  adults  in  their  ability  to  discern  and
report  sustained  blur,  and  their  delayed  response  can  be
interpreted  as  accommodative  dysfunction,  and  thus,  a
higher  AI  prevalence  in  children.  This  issue  inﬂuences  the
comparability  of  studies  in  children  and  adults.
Secondly,  the  inter-study  differences  can  lie  in  different
diagnostic  criteria  used  in  these  studies.  As  presented  in
Table  2,  different  studies  have  used  different  diagnostic  cri-
teria  for  the  deﬁnition  and  diagnosis  of  AI.  As  such,  some
used  only  one  criterion  (reduced  AA)  and  some  have  applied
more  criteria  (up  to  5  diagnostic  criteria).  Looking  closely  at
Table  2,  it  appears  that  studies  with  more  diagnostic  criteria
for  AI  have  mostly  reported  a  lower  prevalence  of  this  disor-
der.  On  the  other  hand,  in  studies  that  only  rely  on  reduced
AA,  AI  prevalence  rates  are  signiﬁcantly  higher.  It  should  be
noted  that  in  previous  studies,  Hofstetter’s  formulas  were
used  to  interpret  whether  the  AA  was  normal  or  not.  Hofstet-
ter’s  formulas  assume  a  linear  relationship  between  AA  and
age,28 so  the  expected  mean  and  minimum  for  each  age  can
be  estimated  using  18.50  −  0.3  ×  age  and  15  −  0.25  ×  age
formulas,  respectively.29,30 If  the  AA  is  2  diopters  (or  more)
lower  than  the  expected  mean  or  minimum  AA  based  on
Hofstetter’s  equations,  it  is  considered  as  a  diagnostic  cri-
terion  for  AI.31 In  recent  years,  a  number  of  studies  have
o
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ng  the  true  AA.  These  include  studies  by  Hashemi  et  al.,29
venseri-Ogbomo  et  al.,32 and  Sterner  et  al.31 According
o  the  ﬁndings  of  these  studies,  there  are  signiﬁcant  dif-
erences  between  the  true  AA  and  the  estimated  values
alculated  from  Hofstetter’s  formulas  in  children;  they  sug-
est  that  Hofstetter’s  formulas  overestimate  the  AA  and  may
ead  to  erroneous  clinical  interpretation  and  a  false  positive
iagnosis  of  AI.  According  to  the  above  discussion,  the  high
revalence  reported  in  studies  with  reduced  AA  as  the  only
iagnostic  criterion  (which  are  also  performed  on  children)
s  justiﬁable.  Therefore,  the  prevalence  rates  reported  in
hese  studies  do  not  seem  true  and  are  believed  to  be  mainly
ue  to  error  in  the  diagnostic  criterion.  This  issue  is  further
onﬁrmed  in  another  study  by  Hashemi  et  al.33
Another  aspect  of  existing  inter-study  differences  is  the
esigns  and  sampling  methods  of  these  studies.  Accurate
stimation  of  the  prevalence  of  a  disorder  in  epidemio-
ogic  studies  requires  a  considerably  large  sample  size  with
 proper  sampling  method  (multistage  cluster  sampling)
nd  randomization  to  allow  for  generalizability  of  the  esti-
ated  prevalence.  A  look  at  previous  studies  summarized
n  Table  2  shows  that  this  is  not  true  in  case  of  AI.  Some
revious  studies  focus  on  speciﬁc  clinical  populations,  and
heir  results  cannot  be  generalized  to  the  total  population,
iven  that  mostly  people  with  disorders  present  to  clinics,
hese  samples  are  biased.  In  non-clinical  studies,  which  are
ostly  done  at  schools  or  universities,  randomization  has  not
een  applied,  and  while  it  seems  that  these  studies  have
 more  accurate  prevalence  compared  to  clinical  studies,
he  problem  of  non-generalizability  is  one  of  their  serious
imitations,  because  their  setting  has  mostly  been  a  single
chool  or  college,  and  as  a  result,  the  ﬁndings  will  not  be
eneralizable  to  the  entire  population  of  school  children  or
tudents.
In  this  study,  we  also  examined  the  association  between
I  and  certain  factors  such  as  age,  gender,  and  refractive
rrors  in  order  to  get  a  better  understanding  of  the  nature  of
his  disorder  and  its  identiﬁcation.  According  to  the  ﬁndings
f  this  study,  there  was  a  signiﬁcant  relationship  between
I  and  gender,  such  that  the  prevalence  of  AI  in  women  was
hree  times  higher  than  that  in  men  (6%  versus  2%),  and
his  signiﬁcant  relationship  was  conﬁrmed  in  the  regression
 ClinicalKey.com by Elsevier on August 31, 2019.
019. Elsevier Inc. All rights reserved.
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odel  in  the  presence  of  other  factors.  In  our  review  of
he  literature,  we  only  found  one  study  that  examined  the
ender  distribution  of  AI.  The  study,  conducted  by  Marran
t  al.,4 similar  to  our  study  found  that  AI  prevalence  was
igniﬁcantly  higher  in  females  than  in  males,  but  there  was
o  discussion  about  possible  reasons.  It  should  be  noted
hat  literature  has  little  and  contradictory  information  on
he  association  between  accommodative  performance  and
ender.  In  the  study  by  Ogbomo  et  al.32 who  measured  AA
mong  Ghanaian  children,  the  AA  was  signiﬁcantly  lower
n  girls  than  boys,  and  this  observation  was  attributed  to
he  higher  number  of  boys  in  the  sample.  In  another  similar
tudy  by  Hashemi  et  al.,29 the  mean  AA,  after  controlling  for
ge,  was  higher  in  girls  than  boys.  In  this  study,  there  was  no
lear  explanation  for  these  ﬁndings,  and  it  was  argued  that
his  ﬁnding  may  be  due  to  the  effect  of  confounding  factors.
n  the  study  by  Pandian  et  al.,34 there  was  no  signiﬁcant  dif-
erence  in  accommodative  facility  between  boys  and  girls.
ekta  et  al.35 reported  a  higher  positive  relative  accommo-
ation  (PRA)  in  women  than  men,  and  this  was  attributed
o  the  possibility  of  more  active  accommodation  in  women.
n  a  meta-analysis  by  Hickenbotham  et  al.36 on  the  relation
f  gender  to  accommodative  performance  and  the  onset  of
resbyopia,  the  authors  concluded  there  is  no  physiological
ifferences  between  men  and  women  concerning  accom-
odation,  and  the  younger  onset  of  presbyopia  in  women
s  due  to  other  differences  such  as  type  of  near  work  and
he  reading  distance.  In  a  study  by  Horwood,37 concerning
he  early  development  of  the  accommodative  and  vergence
ystems,  which  was  conducted  on  full-term  1--6  month  old
nfants,  the  authors  pointed  to  physiological  differences
etween  genders.  According  to  the  results  of  their  study,
he  accommodative  system  develops  better  and  faster  in
oys  during  this  age  range.  Based  on  the  above,  there  is  no
lear  evidence  of  a  relationship  between  accommodative
unction  (and  thus,  the  prevalence  of  accommodative
ysfunction)  and  gender.  Although  the  presence  of  this
elationship  can  be  discussed  based  on  assumptions  such  as
nter-gender  physiological  differences  in  accommodation
echanism  and  hormonal  differences,  currently  there  is
ot  enough  evidence  to  conﬁrm  or  reject  it.  On  the  other
and,  the  observation  in  this  study  regarding  signiﬁcant
nter-gender  differences  in  the  prevalence  of  AI  can  have
mportant  clinical  implications.  It  is  recommended  that  this
ssue  be  studied  in  future  epidemiological  studies  in  other
acial  populations.
In  the  present  study,  we  also  examined  the  association
etween  age  and  AI  prevalence.  As  seen  in  Table  1, the  low-
st  prevalence  of  AI  (2.59%)  was  observed  in  the  18--19-year
ge  range,  and  the  highest  prevalence  (4.45%)  was  in  20--21-
ear-olds.  Except  for  18--19-year-olds  who  had  a  relatively
ow  AI  prevalence,  the  rates  were  approximately  similar  in
ther  age  groups.  Overall,  the  results  of  this  study  did  not
how  a  signiﬁcant  relationship  between  AI  prevalence  and
ge.  It  should  also  be  noted  that  there  is  no  evidence  of
 relationship  between  AI  and  age  in  the  literature  either.
heoretically,  given  the  age-related  reduction  in  the  elas-
icity  of  lens  ﬁbers  as  well  as  the  lens  capsule  and  the
ncreased  lens  size  (which  is  associated  with  reduced  AA),38
e  expected  AI  prevalence  to  increase  with  age,  nonethe-
ess,  our  ﬁndings  do  not  support  this  theory.  It  should  be
oted,  however,  that  the  age  range  of  the  participants  in
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he  present  study  was  limited  and  therefore,  any  interpre-
ation  about  the  association  between  age  and  AI  should  be
one  with  caution.
In  this  study,  we  also  investigated  the  association
etween  refractive  errors  and  AI.  According  to  the  results,
he  emmetropic  group  showed  the  lowest  AI  prevalence  at
.74%,  and  the  hyperopic  group  had  the  highest  prevalence
t  5.26%;  however,  this  relationship  was  not  statistically  sig-
iﬁcant.  It  should  be  noted  that  some  studies  have  reported
ower  AA  in  hyperopic  compared  to  myopic  and  emmetropic
ndividuals,33,39,40 which  is  in  agreement  with  the  results
f  the  present  study  suggesting  a  higher  AI  prevalence  in
yperopes.  Regarding  the  reason  for  lower  AA  in  hyperopic
ndividuals,  the  theory  proposed  by  McBrien  and  Millodot40
an  be  mentioned.  Based  on  this  theory,  the  association
etween  refractive  errors  and  AA  can  be  explained  on  the
asis  of  differences  in  autonomic  nerve  control  of  accommo-
ation  in  cases  with  different  refractive  errors.  Hyperopes
ave  a  strong  sympathetic  innervation  or  weak  parasympa-
hetic  innervation  to  the  ciliary  muscle,  and  thus,  they  have
ower  AA  compared  to  myopic  and  emmetropic  cases.40 This
heory  was  also  conﬁrmed  by  Charman.41 Based  on  our  ﬁnd-
ngs,  another  point  to  take  in  consideration  in  interpreting
he  relationship  between  refractive  errors  and  AI  prevalence
s  latent  hyperopia.  It  should  be  noted  that  since  cycloplegic
efraction  was  not  performed,  we  were  not  able  to  control
or  the  effect  of  this  factor.  It  is  possible  that  latent  hyper-
pia  has  a role  in  the  higher  AI  prevalence  in  hyperopic  cases
f  the  present  study.  The  relationship  between  refractive
rrors  and  AI  is  clinically  important  and  further  studies  in
his  ﬁeld  are  needed  to  conﬁrm  or  reject  the  ﬁndings  of  this
tudy.
onclusion
n  this  population-based  study,  we  examined  the  prevalence
f  AI  in  college-age  students  in  Iran  for  the  ﬁrst  time.  The
revalence  of  AI  in  this  study  was  4.07%,  which  is  lower
han  the  most  prevalence  rates  reported  in  previous  stud-
es.  Gender  had  a  signiﬁcant  relation  with  AI,  such  that  the
revalence  was  signiﬁcantly  higher  in  females  than  males.
o  signiﬁcant  association  was  found  between  AI  and  age  or
efractive  errors.
unding
his  project  was  supported  by  Mashhad  University  of  Medical
ciences  (grant  code:950486).
onﬂicts of  interest
he  authors  report  no  conﬂicts  of  interest.  The  authors  alone
re  responsible  for  the  content  and  writing  of  the  paper.
eferences1. Cooper J, Burns C, Cotter S, Daum K, Grifﬁn J, Scheiman M.
Care of the Patient with Accommodative and Vergence Dys-
function. St. Louis: American Optometric Association; 2010.
inicalKey.com by Elsevier on August 31, 2019.
. Elsevier Inc. All rights reserved.
Technol. 2014;34:60--64.
43. Paniccia SM, Angel Romero Ayala O. Prevalence of accommoda-
tive and non-strabismic binocular anomalies in a Puerto RicanAccommodative  insufﬁciency  in  university  students  
2. Bartuccio M, Taub MB, Kieser J. Accommodative insufﬁciency:
a literature and record review. Optom Vis Dev. 2008;39:35--40.
3. Scheiman M, Wick B. Clinical Management of Binocular Vision:
Heterophoric, Accommodative, and Eye Movement Disorders.
Lippincott Williams & Wilkins; 2008.
4. Marran LF, De Land PN, Nguyen AL. Accommodative insuf-
ﬁciency is the primary source of symptoms in children
diagnosed with convergence insufﬁciency. Optom Vis Sci.
2006;83:281--289.
5. Sterner B, Gellerstedt M, Sjöström A. Accommodation and the
relationship to subjective symptoms with near work for young
school children. Ophthalmic Physiol Opt. 2006;26: 148--155.
6. Abdi S, Brautaset R, Rydberg A, Pansell T. The inﬂuence of
accommodative insufﬁciency on reading. Clin Exp Optom.
2007;90:36--43.
7. Shin HS, Park SC, Park CM. Relationship between accom-
modative and vergence dysfunctions and academic achieve-
ment for primary school children. Ophthalmic Physiol Opt.
2009;29:615--624.
8. Palomo-Álvarez C, Puell MC. Accommodative function in school
children with reading difﬁculties. Graefes Arch Clin Exp Oph-
thalmol. 2008;246:1769--1774.
9. Borsting E, Rouse M, Chu R. Measuring ADHD behaviors in
children with symptomatic accommodative dysfunction or
convergence insufﬁciency: a preliminary study. Optometry.
2005;76:588--592.
10. Amalia H, Suardana GG, Artini W. Accommodative insufﬁciency
as cause of asthenopia in computer-using students. Univ Med.
2016;29:78--83.
11. Blehm C, Vishnu S, Khattak A, Mitra S, Yee RW. Computer vision
syndrome: a review. Surv Ophthalmol. 2005;50:253--262.
12. Omar R, Kuan YM, Zuhairi NA, Manan FA, Knight VF. Visual
efﬁciency among teenaged athletes and non-athletes. Int J
Ophthalmol. 2017;10:1460--1464.
13. Erickson GB. Sports Vision: Vision Care for the Enhancement
of Sports Performance. Elsevier Health Sciences; 2007.
14. Scheiman M, Cotter S, Kulp MT, et al. Treatment of accommoda-
tive dysfunction in children: results from an random clinical
trial. Optom Vis Sci.  2011;88:1343.
15. Hashemi H, Nabovati P, Khabazkhoob M, et al. The prevalence
of convergence insufﬁciency in Iran: a population-based study.
Clin Exp Optom.  2017;100:704--709.
16. Cacho-Martínez P, García-Mun˜oz A, Ruiz-Cantero M. Do we
really know the prevalence of accommodative and nonstrabis-
mic binocular dysfunctions? J Optom.  2010;3:185--197.
17. Gordis L. Epidemiology. Philadelphia, PA: Elsevier Saunders;
2009.
18. García-Mun˜oz Á, Carbonell-Bonete S, Cantó-Cerdán M, Cacho-
Martínez P. Accommodative and binocular dysfunctions:
prevalence in a randomised sample of university students. Clin
Exp Optom. 2016;99:313--321.
19. Scheiman M, Gallaway M, Coulter R, et al. Prevalence of vision
and ocular disease conditions in a clinical pediatric population.
J Am Optom Assoc. 1996;67:193--202.
20. Abdi S, Rydberg A. Asthenopia in schoolchildren, orthoptic
and ophthalmological ﬁndings and treatment. Doc Ophthalmol.
2005;111:65--72.
21. Borsting E, Rouse MW, Deland PN, et al. Association of symp-
toms and convergence and accommodative insufﬁciency in
school-age children. Optometry.  2003;74:25--34.
22. Dwyer P. The prevalence of vergence accommodation disorders
in a school-age population. Clin Exp Optom. 1992;75:10--18.
23. Lara F, Cacho P, García Á, Megías R. General binocular dis-
orders: prevalence in a clinic population. Ophthalmic Physiol
Opt. 2001;21:70--74.
Downloaded for Anonymous User (n/a) at Iran University of Medical Sciences from
For personal use only. No other uses without permission. Copyright ©2167
24. Porcar E, Martinez-Palomera A. Prevalence of general binocular
dysfunctions in a population of university students. Optom Vis
Sci. 1997;74:111--113.
25. Rouse MW, Borsting E, Hyman L, et al. Frequency of conver-
gence insufﬁciency among ﬁfth and sixth graders. Optom Vis
Sci.  1999;76:643--649.
26. Hussaindeen JR, Rakshit A, Singh NK, et al. Prevalence
of non-strabismic anomalies of binocular vision in Tamil
Nadu: report 2 of BAND study. Clin Exp Optom.  2016;100:
642--648.
27. Carlson NB, Kurtz D, Kurtz D, Hines C. Clinical Procedures for
Ocular Examination. New York: McGraw-Hill; 2004.
28. Anderson HA, Hentz G, Glasser A, Stuebing KK, Manny RE.
Minus-lens-stimulated accommodative amplitude decreases
sigmoidally with age: a study of objectively measured accom-
modative amplitudes from age 3. Invest Ophthalmol Vis Sci.
2008;49:2919--2926.
29. Hashemi H, Nabovati P, Yekta AA, et al. Amplitude of accom-
modation in an 11- to 17-year-old Iranian population. Clin Exp
Optom.  2017;100:162--166.
30. Cacho P, Garcia A, Lara F, SeguÍ M. Diagnostic signs
of accommodative insufﬁciency. Optom Vis Sci.  2002;79:
614--620.
31. Sterner B, Gellerstedt M, Sjöström A. The amplitude of accom-
modation in 6--10-year-old children -- not as good as expected!
Ophthalmic Physiol Opt. 2004;24:246--251.
32. Ovenseri-Ogbomo GO, Kudjawu EP, Kio FE, Abu EK. Investiga-
tion of amplitude of accommodation among Ghanaian school
children. Clin Exp Optom. 2012;95:187--191.
33. Hashemi H, Nabovati P, Khabazkhoob M, Yekta A, Emamian
MH, Fotouhi A. Does Hofstetter’s equation predict the real
amplitude of accommodation in children? Clin Exp Optom.
2017;101:123--128.
34. Pandian A, Sankaridurg PR, Naduvilath T, et al. Accommodative
facility in eyes with and without myopia. Invest Ophthalmol Vis
Sci. 2006;47:4725--4731.
35. Yekta A, Hashemi H, Khabazkhoob M, et al. The dis-
tribution of negative and positive relative accommoda-
tion and their relationship with binocular and refractive
indices in a young population. Curr Ophthalmol. 2017;29:
204--209.
36. Hickenbotham A, Roorda A, Steinmaus C, Glasser A. Meta-
analysis of sex differences in presbyopia. Invest Ophthalmol
Vis Sci.  2012;53:3215--3220.
37. Horwood AM, Riddell PM. Gender differences in early accom-
modation and vergence development. Ophthalmic Physiol Opt.
2008;28:115--126.
38. Glasser A, Campbell MC. Presbyopia and the optical changes
in the human crystalline lens with age. Vis Res. 1998;38:
209--229.
39. Abraham LM, Kuriakose T, Sivanandam V, Venkatesan N, Thomas
R, Muliyil J. Amplitude of accommodation and its relation to
refractive errors. Indian J Opthalmol.  2005;53:105--108.
40. McBrien N, Millodot M. Amplitude of accommoda-
tion and refractive error. Invest Ophthalmol Vis Sci.
1986;27:1187--1190.
41. Charman W. The accommodative resting point and refractive
error. Ophthalmic Physiol Opt. 1982;21:469.
42. Abdul-Kabir M, Kumah DB, Koomson NY, Afari C. Prevalence
of accommodative insufﬁciency and accommodative infacility
among junior high school students in a Ghanaian town. J Scipediatric population. Optom Vis Perform. 2015;3:158--164.
 ClinicalKey.com by Elsevier on August 31, 2019.
019. Elsevier Inc. All rights reserved.
